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摘  要 
金属有机化学和芳香化学相结合产生了金属杂芳香化学，这一领域正吸引着
越来越多科研工作者的兴趣。报道过的金属杂芳香化合物有金属苯、金属苯炔、
金属吡啶、金属呋喃等。2013 年以来，本课题组发展了一系列金属桥头双并五
元环结构的金属杂芳香化合物——金属杂戊搭炔/烯。这类结构新颖及性质独特
的化合物，可望应用在近红外材料和生物医药等方面。本论文以功能材料化为目
标，对金属杂戊搭炔/烯的反应性进行了研究，构筑了一系列结构新颖的金属杂
环化合物和功能化单体，并对其进行了高分子化初步尝试。主要内容概括如下： 
第一章为绪论，结合本论文主要研究内容，对芳香性及其判据、金属杂戊搭
炔/烯及其性能和含金属有机大分子三方面进行了简要介绍，最后阐述了本论文
的设想和目的。 
第二章主要研究了锇杂戊搭炔与芳基乙炔的反应，合成了两类全新的金属杂
芳香结构骨架：α-金属杂戊搭烯并呋喃和环内酯并金属杂戊搭炔。进一步的理论
计算表明，两个结构骨架本质上都具有 Möbius 芳香性。同位素 18O 标记实验证
实，产物均有一个氧原子来源于反应体系中的水。 
第三章合成了一系列含锚定基团的锇杂戊搭烯，并测试了其单分子电导，这
是首次对金属杂芳香化合物的单分子电子性质进行研究。研究发现，当金属杂环
上季鏻脱掉后，主环结构离域性降低，相应分子电导值下降约一个数量级，说明
季鏻基团对金属杂戊搭炔/烯的材料性能意义重大。 
第四章主要研究了锇杂戊搭烯并呋喃的芳香亲电取代反应，合成了卤代锇杂
戊搭烯并呋喃，实现了 Möbius 芳香化合物的首次芳香亲电取代。并结合理论计
算解释了取代反应位点选择性的问题。 
第五章主要研究了锇杂戊搭烯并呋喃与有机叠氮的[2+3]环加成反应，合成
了首例含后过渡金属杂三唑环的化合物，同时也是首例金属被四个 π 芳香环所共
享的金属杂稠环化合物。研究表明，锇杂戊搭烯并呋喃与有机叠氮的环加成反应，
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经锇杂戊搭炔并呋喃中间体，得到金属被四个 π 芳香环所共享的最终产物。 
第六章主要研究了含有机官能团锇杂戊搭炔/烯的合成及其高分子化模型反
应。利用锇杂戊搭炔/烯的反应性和有机底物的修饰，设计合成了一系列含烯基、
炔基、羟基的锇杂戊搭炔/烯单体，并研究了其高分子化反应，得到了一些模型
化合物。本章工作为金属杂戊搭炔/烯高分子化、材料化奠定了基础。 
第七章总结了本论文的主要研究内容，并对后续工作进行了展望。 
 
 
关键词：锇杂戊搭炔；锇杂戊搭烯；芳香性；芳香亲电取代；金属杂三唑；功能
化单体 
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Abstract 
The combination of organometallic chemistry and aromatic chemistry generates 
metalla-aromatic chemistry. In the past 30 years, the development of this chemistry 
led to the isolation of many kinds of metalla-aromatic compounds, such as 
metallabenzenes, metallabenzynes, metallapyridines, and metallafurans. Since 2013, 
our group reported a series of metal-bridgeheaded aromatic metallapentalynes and 
metallapentalenes with novel structures and unique properties. Some of 
metallapentalynes and metallapentalenes can be used as near-infrared materials or 
biomedical materials. Aiming at materialization and polymerization of 
metallapentalynes or/and metallapentalenes, we studied their reactivitiesin this 
dissertation. As a result, a series of novel metallacycle compounds with functional 
groups are synthesized successfully. Some of them were also applied in the 
materialization or polymerization studies. The main contents of this dissertation are 
showed as following: 
In charpter 1, the classification and criteria of aromaticity are briefly introduced. 
The preparations, reactivities and properties of metallapentalynes and 
metallapentalenes are reviewed. In addition, metal-containing macromolecules are 
also summarized. The research objectives and plans of this dissertation are presented. 
In charpter 2, we report the construction of two new metalla-aromatic 
frameworks, α-metallapentalenofurans and lactone-fused metallapentalynes, by the 
reactions of osmapentalynes with aryl alkynes in the presence of water. DFT studies 
show that the α-metallapentalenofurans and lactone-fused metallapentalynes are 
möbius aromaticity essentially. 18O-labeled experiments confirm that the newly 
introduced oxygen atom in α-metallapentalenofurans or lactone-fused 
metallapentalynes comes from water. 
In charpter 3, a series of osmapentalene derivatives with anchoring groups are 
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synthesized for single molecular conductance measurement. It’s the first time to study 
the charge transport properties of metalla-aromatic compounds at single molecule 
scale. When the phosphonium group is removed from the metallacycle, electron 
delocalizability is reduced along with the reduction of single molecular conductance 
with one order of magnitude, which indicates that the phosphonium group is 
important for charge transport in metallapentalynes and metallapentalenes. 
In charpter 4, halogenated osmapentalenofurans are synthesized by the 
electrophilic aromatic substitution reactions of osmapentalenofurans. These are the 
first examples of electrophilic aromatic substitution of möbius aromatic compound. 
The regioselectivity was studied by DFT calculations. 
In charpter 5, the [2+3] cycloaddition reactions of osmapentalenofurans with 
organic azides have been investigated. The first triaza-metallacycle with late transition 
metal is synthesized. It is the first metalla-aromatic compound with one metal center 
shared by four π-aromatic rings. Further study shows that the osmapentalynofurans is 
the intermediate in the [2+3] cycloaddition reactions. 
In chapter 6, the synthesis of functionalized osmapentalynes and osmapentalenes 
with their model polymerization reactions are studied. We synthesize osmapentalynes 
and osmapentalenes with alkenyl, alkynyl or hydroxyl groups. A series of model 
compounds are achieved by their model polymerization reactions. This chapter creates 
the foundation for the polymerization and materialization of metallapentalynes, 
metallapentalenes. 
In chapter 7, the summary of this dissertation is presented along with outlook of 
this research. 
 
Key words: Osmapentalyne; Osmapentalene; Aromaticity; Electrophilic Aromatic 
Substitution; Triaza-metalla Complexe; Functional Monomer 
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